The validity of absolute purchasing power parity (APPP) in African low-income countries is studied. The time series method is used. It is revealed that when the US acts as the base country, APPP holds poorly in general. When an African low-income country acts as the base country, however, the validity of APPP improves obviously. The Penn effect can mainly, but not completely, account for such a difference.
Introduction
The purchasing power parity (PPP) theory can be used to anchor a bilateral nominal exchange rate or to assess the nominal exchange rate level ( [1] , [2] , [3] ); thus examining the validity of PPP can help governments to improve their exchange rate policies. Second, in the total of 31 low-income countries classified by the World Bank, 28 are in Africa. Thus, the low-income countries in Africa can basically represent this type of country. Though PPP in Africa has been studied ( [4] , [5] , [6] , and so on), these economists use price indexes rather than price levels, thus what they study is relative PPP rather than absolute PPP (hereafter APPP) ( [7] , [8] ). In another paper we study APPP in African low-income countries using a panel data method. But the panel data method cannot differentiate APPP between country pairs, which has more direct policy meaning for bilateral exchange rates. Thus in this paper we use the time series method to study APPP in these countries.
Method and Data
We follow [8] to define the real exchange rate (RER); see Eq. (1), where Pi is the price level of country i, P * is the price level of a foreign country which is used as the base country, PPPi (the PPP rate) is Pi divided by P * , and the nominal exchange rate NERi is expressed as the domestic currency units per foreign currency unit. In this definition, a greater value of RER represents the local currency's appreciation against the foreign country.
We base our estimate and test on Eq. (2), where the RER is defined in Eq. (1), log denotes taking the natural logarithm, and C is a constant. Concretely, we use OLS with Newey-West robust standard error to estimate Eq. (2), and then examine whether the constant, C, is equal to zero. If the constant is equal to zero, we think that the natural logarithm of the RER is equal to zero, the RER is equal to 1, the RER fluctuates around its equilibrium value, and APPP holds. Otherwise, APPP does not hold. To measure whether the constant C is equal to zero, the usual t-test is used. Compared with the method used in [7] and [8] , the method in this paper is simpler, as the cointegration method is not needed. However, it can be easily seen that the two methods are equivalent, as the nominal exchange rate is equal to the PPP rate if and only if the RER is equal to 1.
For the sub-period analysis, we use the least squares with breakpoints by [9] and [10] . The Bai and Perron method can not only identify the breakpoints but also estimate the coefficients in all sub-periods. Following the recommendation of [10] (p. 16) and the user guide of the EViews, we first conduct the double maximum test to examine whether or not the breaks exist. If the double maximum test (UDmax and/or WDmax) confirms that at least one break exists, we examine the actual, fitted, and residual graphs in the three tests and choose the test whose result seems to be most reasonable.
We use the Penn World Table (PWT) 9 .0, made by economists at the University of California, Davis and the University of Groningen, to obtain our data. Concretely, the RER is the "Price level of CGDP o (PPP/XR), price level of USA GDP o in 2011 = 1" (the variable "PL_GDP o " in the database), and the GDP per capita (GDPP) is derived from the "Output-side real GDP at chained PPPs (in mil. 2011US$) (the variable "CGDP o " in the database)" and the "Population (in millions)" (the variable "pop" in the database). In analyzing the Balassa-Samuelson effect or the Penn effect, [11] (p. 3175) uses such variables. In PWT 9.0, each bilateral RER in each year is against the US dollar and is comparable (the US RER in 2011 = 1). Further, a RER between two arbitrary countries can be derived. For African low-income countries, we choose the 10 biggest ones in terms of economy scale, except for Zimbabwe, which has no separate legal tender. They are Burkina Faso, Chad, the Democratic Republic of the Congo (hereafter the Congo), Ethiopia, Madagascar, Mali, Mozambique, Senegal, Tanzania, and Uganda. Finally, because of data availability, the whole periods for all these countries are not consistent.
Time Series Analysis
We first conduct the KPSS unit root test for the RERs involved, and almost all of the RERs are revealed to be stationary, thus the OLS can be done. The detailed unit root test results are omitted.
APPP between Each African Country and the US
In relative PPP studies, the US is often the main (or the single) base country. Thus we also first analyze the validity of APPP by treating the US as the base country.
For the whole period (the left part of Table 1) , the constant C for Mozambique (0.168) is close to zero, and the t-statistic (0.740) is not significant at the 0.10 conventional level, as its p-value (0.462) is greater than 0.10. Thus APPP holds between this country and the US. However, for all the other partner countries, the constants Cs are all a bit far from zero, with their absolute values all being greater than 0.5, and the t-statistics are all significant at the 0.01 conventional levels. Thus APPP does not hold between all these countries and the US. For the sub-period, as there are only 65 observations in the whole period 1950-2014, we allow up to 2 breakpoints; the econometric result is listed in the right part of Table 1 . The result shows that APPP holds for the Congo in its sub-period 2006-2014 and for Ethiopia in its sub-period 1950-1979. For the other countries, however, APPP does not hold in any sub-period.
APPP within the African Countries
First, we analyze APPP between each country and Ethiopia, whose economy is the biggest among all these African countries. The econometric result is listed in Table 2 . 523 1970,1980 1970-1979 Notes: "APPP holds for (a sub-period)" means that APPP holds at a conventional level (1%, 5%, or 10%).
We can see that in contrast to the US base (Table 1) , APPP is obviously more valid when Ethiopia acts as the base country. Concretely, (1) in the whole period, the null hypothesis that the constant C is zero cannot be rejected at the 0.01 level for all countries except for Mozambique and Senegal; thus APPP holds for seven countries. (2) In the sub-period, APPP holds for Madagascar, Tanzania, and Uganda in a sub-period, respectively.
Secondly, we have also examined APPP where each other country acts as the base country, and a similar conclusion as in Table 2 is obtained. For example, when Tanzania (whose economy is the second biggest among these African countries) acts as the base country, APPP holds for Burkina Faso, the Congo, Madagascar, Mali, and Uganda both in the whole period and in at least one sub-period.
Further Discussion
From Section 3 we have determined that APPP holds poorly between the US and the African countries, but holds better within the African countries. Why? For the failure of APPP, the well-known explanation is the Penn effect or the Balassa-Samuelson effect ( [12] , p. 10; [11] , p. 3175). The Penn effect says that the RER tends to be positive with the income level; the RER in a low-income country is often smaller, and that in a high-income country is often greater. According to the Penn effect, APPP tends to hold for a pair of countries whose income levels are similar, and tends not to hold for a pair of countries whose income levels are far from each other. Can the Penn effect explain the above conclusions? Table 3 lists the GDP per capita (GDPP) of the 10 African countries relative to the US (the GDPP of the US = 1 in each year). We can see that the mean GDPP for each country is invariably smaller than 0.1 (smaller than 10% of the US GDPP), which is far from that of the US. The minimum and maximum values give similar conclusions. In a working paper, we propose that a rule of thumb for APPP to hold between a country and the US is that this country's GDPP should be greater than 70% of that of the US. Though these African low-income countries are not covered in the sample of that working paper, the rule of thumb obtained from that paper seems still to be applicable here. That is, as the GDPPs of the African countries are all far less than 70% of that of the US, it is expected that APPP holds poorly between them in general. In addition, Table 3 also shows the GDPPs of the African countries are close to each other, which is the reason why the validity of APPP among them is comparatively improved. However, the RER of Mozambique is very special, and this country is a counterexample for the Penn effect. 
Conclusion
In this paper we investigate APPP for 10 typical African low-income countries, not only APPP between the US and the African countries but also APPP among the African countries. For the econometric analysis, we examine the time series dimension for both the whole period and the sub-period. It is revealed that when the US acts as the base country, APPP holds poorly. Concretely, APPP does not hold for seven out of 10 countries in any periods. When an African low-income country acts as the base country, however, the validity of APPP improves obviously. For example, when Ethiopia acts as the base country, APPP holds for seven of nine countries at the 1% level in the whole period; when Tanzania acts as the base country, APPP holds for five out of eight countries in the whole period and in the sub-period. Finally, the Penn effect can explain the difference in the validity of APPP among most country pairs.
